Economists define a "public good" as one that cannot practically be withheld from all users whether they pay or not (non-excludability), or as one whose use by one person does not preclude use by others (rival consumption). A classic example of a public good is street lighting: once it is provided for some it is available for all, but use by a few does not exhaust the supply for others. The challenge of providing public goods is in developing viable business models that ensure a revenue stream that is not dependent on excludability, models that guarantee revenue even when the resource is available to consumers without direct payment.
The prevailing model of journal publishing uses subscription as a means of exclusion that generates revenue: subscribers have easier access to the content of the journal than do non-subscribers and are motivated by that convenience to maintain the subscription. This model is well suited to the characteristics of print-based publishing, in which the publisher must expend resources in disseminating new content to each individual customer. The model holds for both individual subscriptions and library subscriptions; publishers tend to charge higher prices for institutional subscriptions than for individual subscriptions in view of the larger community that a single subscription may serve, but it is still the convenience of a geographically proximate community that provides the primary motivation for maintaining the subscription. Over the past two decades, however, the prices of scientific journals --particularly those published by forprofit publishers --have risen beyond levels affordable by individual or institutional customers, and subscription-based access to research journals in academic institutions has sharply declined [1, 2] . As a result, the very scientists on whom journals depend for 3 publishable manuscripts have lost the convenience of subscription-based access to much of the current literature of their fields. Moreover, this is happening at a time when research activity is expanding as never before, with correspondingly greater need for publication venues. The BioOne database was established in the belief that broad and enduring access to scholarly literature is essential not just to the health of the scientific enterprise but also to the health of the wider society in which science is practiced. In other words, scientific literature should be priced as a public good.
The BioOne project is a collaboration among scholarly societies, universities and university libraries, and a specialist in scholarly journal production. From the beginning of the project, scholarly societies have been viewed as a link in the chain of scholarly communication whose vitality must be sustained [3] . Scholarly societies provide a forum for discussion and collaboration among members with common specialist interests, and sponsor peer-review and publication of research papers in that specialization. Moreover, the costs of journals published by scholarly societies are typically lower than those of journals published commercially (granting significant variation within both groups) as indicated by the normalized pricing studies conducted at the University of Wisconsin [4] , Cornell [5] , and the University of Washington [6], among others.
Electronic publishing is an important tool for improving the timeliness and extending the availability of this growing body of scholarly literature. However, the short-term costs of moving from print to electronic publishing are greater than many small societies can afford: the average subscription price for the print version of a BioOne journal is under $200, a level that is typically too low to generate the capital reserve required to make the transition. One of the advantages held by profit-generating 4 businesses is their ability invest capital in new technology; private investors can be rewarded for taking the financial risk associated with this investment. BioOne was founded to provide participating journals an alternative to affiliation with commercial publishers, and to foster the continuing financial health of the small societies. BioOne therefore represents an alternative capitalization model, one in which the scholarly community, including subscribing libraries and participating societies, shares the risk of investment to create the dividend of extended access [7] .
In this paper, we describe how the BioOne business model seeks to meet the interlocking goals of providing broad and enduring access to a segment of the scientific literature, supporting the publishing enterprise of scholarly societies, and assuring that experience that benefits this undertaking, and they are united in the conviction that highimpact, low-cost alternatives to commercially published research can play a continuing and expanding role in science [8, 9] .
AIBS is a federation of scientific societies that facilitates the exchange and dissemination of research among its members and with the public at large, and serves about 246,000 biologists worldwide. The eighty-six AIBS societies represent the major biology groups outside the molecular-biology and biochemistry-research communities.
The research foci of AIBS societies are in the general areas of ecology; environmental sciences; and macro-level, basic biological studies: systematics, botany, mammalogy, plant science, conservation biology, toxicology, agronomy, ornithology, limnology and taxonomy [10] . AIBS advocates for the interests of the member societies that choose to participate in BioOne.
GWLA represents thirty major research libraries with common objectives related to scholarly communications. With strong support from the provosts of the member institutions, GWLA has fostered discussion between libraries, faculty, and 6 administrations of its member campuses on the role of universities in shaping the future of scholarly publishing [11] . The University of Kansas is a major comprehensive research and teaching university committed to research as a means of mutually reinforcing the scholarly inquiry underlying and informing the educational experience [12] . It collaborates with Allen Press in BioOne's technology development, hosts the BioOne database, and provides expertise in the development of the publisher and subscriber licenses. SPARC is a coalition of libraries that promotes and facilitates expanded competition in the scientific journals market. Charter subscriptions from SPARC members helped to capitalize BioOne's start-up costs. SPARC also contributes the product development and market experience of its staff [13] . Finally, Allen Press is a leading provider of publishing production services to scholarly societies that self-publish their journals [14] . Allen Press developed the database design and creates the SGML mark-up for most of the content delivered by BioOne.
BioOne employs a staff of one and a half (a full-time president and a part-time assistant). One of BioOne's principles is that the corporation's business practice must be financially sound if it is to fulfill its mission. A guarantee of the database's long-term availability must be founded on careful examination of revenue streams and accurate projections of market interest. BioOne therefore employs professional contractors for financial services and for marketing and subscription services (Amigos Library Services for North American sales and OCLC for international sales). Advisory Group provides advice and feedback on pricing and price increases, licenses, user interfaces, and priorities for developing new content within the database [15] .
Membership in all three groups includes nationally respected experts in their respective specializations.
PRICING FOR LONG-TERM ACCESS: WHAT MAKES BIOONE DIFFERENT?
The last decade has seen a remarkable number of experiments in alternative business models for scholarly publishing, and just as many pricing models; one writer on this topic has identified over fifty [16] . Three elements help distinguish BioOne from many of the other business models for scholarly publishing: structural decisions intended to help keep overhead and administrative costs low, a revenue-sharing arrangement with participating societies, and a commitment to generating funds to support technological evolution. In all three cases, BioOne demonstrates its dual commitments to maintaining that's where you operate" [18] .
By contrast, BioOne believes that science is an enterprise conducted within a broader social compact and that a healthy democracy and sound public policy require ready access to scientific literature on the part of a broad spectrum of citizens. BioOne therefore offers special pricing to community colleges ($525-$2,100, depending on FTE), 9 public libraries (a flat rate of $1,050), K-12 school libraries (a flat rate of $500), government agency libraries, and non-profit organizations like museums and foundations.
Special pricing is also available to library consortia.
BioOne is priced as an aggregation. Although each component journal retains its separate identity within the database, the database is licensed only as a single aggregation. There are two reasons for this, one functional and the other economic.
Journal aggregations have been criticized within the library community for forcing a subscribing library to accept titles that it doesn't want: titles that are low in quality or outside the scope of its subject interests. However, journal aggregations can also offer greater functional convenience to users in searching and retrieving relevant literature. BioOne evaluates prospective new titles carefully to assure that the database maintains high quality and strong subject coherence, thus increasing the likelihood that a subject search across the whole database will yield relevant citations from multiple journal titles and that articles in one journal will reference other articles in the database.
It is important to note, however, that BioOne also recognizes that linkages must also be BioOne was founded with an explicit business plan that identified the costs that had to be covered, the likely market for subscriptions, and the potential for market growth over time. The estimated size of this market helped to set the price each subscriber would pay. Among the costs that had to be funded were hardware and software; database programming and preparation of the content; marketing and promotion; and administrative and professional services. Two kinds of cost, however, deserve special attention: revenue-sharing with the contributing scholarly societies and a technology reserve fund.
One of BioOne's fundamental goals is to support the publishing activities of notfor-profit scholarly societies and thereby contribute to the long-term health of this key agency of scientific research and education. One way in which this is accomplished is through BioOne's marketing and promotional activities. In addition, all participating societies share equitably in a 50% share of BioOne's net sales receipts (i.e., the payments received by BioOne from subscribers and distributors, adjusted for returns and customer and agency discounts). This amount is one-half of BioOne's "top line" before deducting any expenses for development, production, operation, or administration. To ensure BioOne also recognizes that the technologies of electronic publishing change rapidly, as do the needs and expectations of its users. To assure that BioOne keeps pace with technological developments, a reserve fund is part of the BioOne business model. This fund will support migration to new hardware and software platforms and introduction of new search, retrieval, and presentation features. However, planning for future technology is more than just a strategy to keep pace with competing publishers.
Digital information can only be preserved through an active program of maintenance and migration; it will not be preserved "by accident." BioOne is committed to assuring the long-term availability of its scholarly content and the reserve fund is a key part of the BioOne preservation strategy.
What will happen if the BioOne business fails, however, or if the participating societies cease to publish new scholarly work? Not all eventualities can be planned for, and in a digital environment some degree of risk must be accepted by all stakeholders in the scholarly communication process. However, the University of Kansas has committed to maintain the BioOne archive in perpetuity, as part of its mission to help preserve the record of research and scholarship. 
LOOKING TO THE FUTURE: SCHOLARLY LITERATURE AS A PUBLIC GOOD
There is a growing movement of scientists and other scholars worldwide who believe that access to scientific literature should be free of cost to the subscriber. They 14 object to the constraints imposed by subscription-based tolls on literature that they themselves have created, based on research funded by public grant agencies, that they have given freely to publishers. In a world of networked digital communication, they believe, scholarly literature can function very much like a public good. Like street lighting, use of a digital file by one reader need not exclude its use by another reader --opening it to unlimited consumption will not exhaust the "supply". Traditional subscription models guarantee a revenue stream by creating exclusions: in a print-based system, subscriptions cover the high marginal cost of creating and distributing each additional copy, and single copies cannot easily be shared among very large numbers of users or users who are geographically dispersed. In an electronic system, by contrast, the marginal costs for each additional user are much lower and the number of users is not limited by physical proximity.
Open-access movements like the Public Library of Science [23] and the Budapest Open Access Initiative [23] share BioOne's core belief that both science and society benefit most when access to scientific information is as broad as possible. Society benefits through the availability of a body of knowledge-claims that have been carefully evaluated by communities of disciplinary experts, and by sharing in the process by which priorities are set for public funding of scientific research. Science benefits when the pool of potential critics and evaluators of its methods and claims is as large as possible.
Nevertheless, electronic publication is not cost-free, and the revenue stream to support electronic systems cannot be left to chance if the resource is to be reliably available over the long term. A multi-year business plan is necessary to provide that stability.
However, the lower marginal costs in electronic publishing schemes do open the practical possibility of introducing revenue at other points than just the subscription. If costs can be covered by other means, then access can be opened to many more --if not all --users. As a consequence, BioOne recognizes the importance of developing ancillary revenue streams to help offset the price of subscription. This is a high priority of the BioOne Working Group in 2002.
Over the next few years, some of the fifty pricing models now at work in the marketplace will prove more successful than others. New models and variations on older models will emerge. This kind of experimentation and testing is necessary as the scholarly community makes its transition from a print-based economy to one based largely or exclusively on electronic publishing. The BioOne experiment is important because it attempts to take account of the connections between the various agents in the chain of scholarly communication: scholarly societies and their members, the scientists who create and evaluate the scientific literature; libraries and librarians, who organize access to it; technology specialists, who design and create the formatting schemes, storage systems, and search-and-retrieval mechanisms that make the information usable; and administrative, financial, and marketing professionals, who provide some long-term stability for the venture. BioOne's vision is fundamentally ecological: none of these agents can flourish without the others, and the most sustainable model is one that seeks the success of them all. 16 
